Abstract In the present study, artificial sweeteners-aspartame, acesulfame-K and binary sweetener blend of aspartame x acesulfame-K were assessed for stability during storage in whey lemon beverage. A solid phase extraction method using C 18 cartridges was standardized for the isolation of aspartame, acesulfame-K and their degradation products in whey lemon beverage. HPLC analytical conditions were standardized over C 18 column for simultaneous separation of multiple sweeteners and their degradation products in sample isolates. Storage studies revealed that increase in acidity and viscosity and decrease in pH and ascorbic acid content of artificially sweetened whey lemon beverage samples were similar to the changes occurring in control samples during storage. Analysis using HPLC showed that aspartame (added either singly or in a blend) and acesulfame-K (added in a blend) were stable in whey lemon beverage under refrigerated condition for 15 days.
Introduction
Whey is one of the most important byproducts of the dairy industry obtained mainly during the manufacture of cheese, paneer, chhana, casein and other coagulated milk products. In the production of cheese, paneer and chhana, only 10-20% of milk is recovered as the desired end product and the remaining 80-90% is whey. It is estimated that about 4.84-million tonnes/annum of whey is generated in India (Raju et al. 2005) . Whey contains almost all the nutrients of milk except casein and fat, thus making it highly nutritious. Unfortunately, this valuable byproduct is presently being drained-off due to absence of economically viable methods for its utilization, which not only causes losses of precious nutrients but also creates environmental problems due to its high biological oxygen demand (45,000-60,000 ppm). Therefore, there has been a great emphasis all over the world on the utilization of whey solids in different ways.
For orchestrating the growth of dairy industry in the liberalized global economies, product diversification at competitive prices for the domestic and export markets is required. The diversion of whey solids to human food chain employing cost effective technologies appears to be the best alternative to utilize whey. Conversion of whey into a beverage on a commercial scale has an economic advantage, as the whole quantity is being used and there are no problems of left over whey solids. Beverages in general, provide energy, water to digest food, regulate body temperature, prevent dehydration, quench thirst and remove psychological tensions (Shaikh et al. 2001) . Use of artificial sweeteners in whey beverage can provide benefit to the diabetic and obese people. Since aspartame and acesulfame-K are high potency sweeteners (approximately 200 times sweeter than sucrose) without major aftertaste problems (Larson-Powers and Pangborn 1978) they may serve as a total sugar replacement in whey beverages, reducing the carbohydrate content significantly. Whey based beverages, in particular the fruit flavoured varieties, have gained popularity in some countries owing to their refreshing taste and healthful image (Beukema and Jelen 1990) . The whey from paneer was suited more for preparation of whey lemon beverage than cheese whey as the latter did not have an acidic tang. This may be due to the addition of citric acid for the preparation of paneer, resulting in whey having acidic tinge. The whey flavour particularly that of acid whey, was most compatible with citrus flavours (Holsinger et al. 1974) .
Since, the application of artificial sweeteners in dairy products, particularly in whey lemon beverage is new, quantitative information on the degradation/decomposition of sweeteners in dairy products is required. Aspartame is stable to low acidic and alkaline conditions but it is unstable to heat. Prolonged exposure of aspartame to high temperatures and storage leads to its breakdown into aspartylphenylalanine and methanol or in case of cyclisation into diketopiperazine (Jana et al. 1994) . The use of aspartame has been of some concern due to the formation of the potentially toxic metabolites, methanol, aspartic acid and phenylalanine (Higton and Thurgood 1994) . Acesulfame-K has high degree of stability when exposed to heat; this makes it a versatile sweetener with potential use in a wide range of foods and beverages. Keeping in view the nutritional significance of whey beverages and the importance of use of sweetener/sweetener blend in their production, the present work was conducted to assess the stability of aspartame and acesulfame-K during storage of the product.
Materials and methods

Materials: Lemon essence (International Flavours and
Fragrances India Ltd., Andhra Pradesh, India) and lemon juice concentrate (Lemoneez) (Dabur Nepal Pvt. Ltd., Bara, Nepal), aspartame (NutraSweet Company, Augusta, Georgia, USA), aspartame degradation products standards: 2,5-diketopiperazine, L-phenylalanine and L-phenylalanine methyl ester (Sigma-Aldrich Corporation, Lovfs, Missouri, USA), acesulfame-K (Nutrinova, Nutrinova Specialities and Food Ingredients GmbH, Frankfurt, Germany) and acesulfame-K degradation product : acetoacetamide (Sigma-Aldrich Corporation, Lovfs, Missouri, USA) were used in the study. Carrez solution No.1 was prepared by dissolving 3.6 g of potassium ferrocyanide in 100 ml water. Carrez solution No.2 was prepared by dissolving 7.2 g of zinc sulphate in 100 ml water. Mobile phase A: 0.02 M phosphate buffer (pH 5.0): acetonitrile (97:3). Mobile phase B: 0.02 M phosphate buffer (pH 3.5): acetonitrile (80:20) were used for HPLC analysis. Aspartylphenylalanine standard was prepared according to the method of Tsang et al. (1985) by dissolving 50 mg of aspartame in 60 ml of water. The solution was adjusted to pH 8 with diluted sodium hydroxide and then made up to 100 ml with water. Diketopiperazine and aspartylphenylalanine were formed after the solution was stored for a day.
Standard solutions: Ten milligrams each of the sweetener and their degradation products were dissolved separately in 10 ml mixture of mobile phases A and B (1:1), to get standard solutions each of concentration 1 mg/ml. Appropriate dilutions of the stock solutions were made with mixture of mobile phases A and B (1:1) to get standard solutions containing 10 and 12.5 ng/μl. Standard solution of aspartame, acesulfame-K, 2, 5 diketopiperazine, Lphenylalanine and acetoacetamide was also prepared with a mixture of mobile phase A and B (1:1) to get a concentration of each component as 10 ng/μl in the mix.
Equipments: Vacuum filtration assembly (Millipore Corporation, Bedford, MA, USA), solid phase extraction C 18 cartridge (Supelco, Bellfonte, PA, USA), ultra-sonifier (Sonics, Vibra Cell, Model VCx750, Newton, CT, USA), solid phase extraction vacuum manifold (Visiprep TM DL, Supelco, Bellfonte, PA, USA), HPLC system with UV dual λ absorbance detector (Model 2487 of Waters, USA), nitrogen analyzer (Gerhardt GmbH & Co. KG, Bonn, Germany) and pH meter (μp Phan, Lab India, New Delhi) were used in the study.
Preparation of whey lemon beverage: Paneer whey (pH 5.47) was collected from Experimental Dairy, NDRI, Karnal. Whey lemon beverage samples with sugar (control) @100 g/kg whey and whey lemon beverage with artificial sweeteners was essentially prepared according to method of Singh et al. (2003) which involved pasteurization (80°C/5 min) of whey followed by addition of sugar/sweetener (optimized level), addition of lemon juice concentrate (@ 3.5%) and the pH adjustment to 3.8 (using 50% citric acid solution), addition of lemon essence (@ 0.015%) and finally in-bottle pasteurization (85°C/2-3 min). The most acceptable level of sweeteners when added individually in whey lemon beverage was 0.07% for aspartame, 0.06% for acesulfame-K and when added in blend of aspartame x acesulfame-K, it was 0.05% (i.e. 0.025% each).
Storage and analysis of whey lemon beverage: Control and artificially sweetened samples of whey lemon beverage (with best selected sweetener levels) were stored under refrigerated temperature (6-8°C). The samples were analyzed on 0, 5th, 10th and 15th day of storage for pH (IS: SP 18 Part XI 1981), ascorbic acid content, titratable acidity of whey lemon beverage samples (Ranganna 2005) and viscosity (Roy and Sen 1994) . The control and artificially sweetened samples of whey lemon beverage were also analyzed for fat, lactose and total ash (IS: SP 18 Part XI 1981), total protein (IDF 20-3 2001) , total solids and total soluble solids (Ranganna 2005) . Stability of the sweeteners was analyzed using HPLC.
Sample preparation and HPLC analysis: The sample preparation procedure used for isolation of sweeteners (Fig 1) acesulfame-K and aspartame from whey lemon beverage was essentially based upon the method of BSEN 12856 (1999). Elution with 10 ml of mobile phase A followed by 10 ml of mobile phase B gave maximum recovery of aspartame and acesulfame-K. Reverse phase HPLC analysis was performed for the standard samples of aspartame, acesulfame-K, and degradation products (i.e. 2, 5 diketopiperazine, L-phenylalanine and acetoacetamide) and the sample isolates of whey lemon beverage by using the C 18 column (Princeton SPHER-100 C18, 100A 5 μm, 250×4.6 mm ID column) at V wavelength 200 nm using binary gradient programming with mobile phase A and mobile phase B for 30 min run time. Gradient conditions were 0% mobile phase B for first 8 min, 0-100% B linear gradient from 8-13 min, 100% B from 13-to 25 min, 100-0% B linear gradient from 25-27 min and 0% B from 27-30 min. The actual pressure varied during programming as 80-160-80 Kgmf.
Five-point calibration curves were plotted for acesulfame-K, aspartame and their degradation products representing 50, 100, 150, 200 and 250 ng concentration of the sweeteners and their degradation products. The correlation coefficient of 0.99 for different sweeteners and degradation products showed the linearity of the system. Recovery experiments of acesulfame-K, aspartame and of their respective degradation products were performed at 500, 500, 800 and 625 ppm respectively in whey lemon beverage. The detection limits of the HPLC system were determined by gradually reducing the concentrations of injections till the peaks disappeared. Overlapping of standard spectra and sample spectra was the criteria used for confirmation of presence of degradation product in the sample isolates.
Statistical analysis: In all experiments, one-way/two-way analysis of variance (ANOVA) with a subsequent least significant difference (LSD) test was applied for multiple sample comparison. This was done to test for any significant differences (P<0.05) in the mean values of all the groups as described by Snedecor and Cochran (1994) .
Results and discussion
Composition: Three laboratory scale trials were conducted each for preparation of whey beverages using sucrose/sweetener/sweetener blend. Composition of different whey lemon beverages is presented in Table 1 , respectively. Total solids and total soluble solids (%) were higher in control than those in whey lemon beverage manufactured with sweetener/sweetener blend. These differences were due to the presence of sucrose in control whey lemon beverage.
Titratable acidity and pH: There was a significant (P< 0.05) increase in acidity of control as well as artificially sweetened whey lemon beverage samples during storage (Table 2) . However, non-significant differences (P>0.05) were observed in titratable acidity between control and whey lemon beverage sweetened with sweetener/sweetener blend throughout the storage period.
It is evident from Table 2 that there was a significant (P< 0.05) decrease in pH of artificially sweetened whey lemon beverage samples and control during the entire period of storage. However, pH of control and whey lemon beverage sweetened with sweetener/sweetener blend did not differ significantly (P>0.05) during storage.
Ascorbic acid: Concentrated lemon juice is rich source of ascorbic acid which may be lost during storage and the degree of loss is greatly influenced by temperature of storage and, oxygen and metal ion contents in the sample (Marcy et al. 1989 ). There was a Solid phase extraction using C 18 cartridge (previously activated with 3 ml methanol and 20 ml water; 2 ml ofthe filtrate eluted with 10 ml of mobile phase A followed by 10 ml of mobile phase B)
Sample isolate eluant (25 ml) HPLC analysis Fig. 1 Flowchart for isolation of artificial sweeteners significant (P<0.05) decrease in ascorbic acid of artificially sweetened whey lemon beverage samples and control during the entire period of storage. However, ascorbic acid of control and whey lemon beverage sweetened with sweetener/sweetener blend did not differ significantly (P>0.05) during storage. Viscosity: Analysis of variance revealed that control as well as artificially sweetened whey lemon beverage samples showed a significant (P<0.05) increase in viscosity during storage. Statistical analysis of the data also revealed that viscosity of control whey lemon beverage was significantly higher (P<0.05) than that of the samples sweetened with sweeteners/sweetener blend during all periods of storage.
The increase in viscosity during storage could result from increased protein-protein interaction, as the precipita- Data are presented as means±SEM (n=3) tion was observed in control as well as in artificially sweetened whey lemon beverage during storage. During the manufacture of whey lemon beverage, denaturation of whey proteins takes place due to thermal treatment. The low pH of the beverage results in a complex phenomenon involving unfolding of globular structure, exposure of buried hydrophilic/hydrophobic groups leading to an increase in size and shape of the molecule, resulting in increase in viscosity. According to Fennema (1977) , whey proteins are generally very soluble and thus do not bind large amounts of water in their native conformation. However, heat treatment of proteins results in unfolding and increase in water binding capacity of the protein molecules. Increased citrate content in whey lemon beverage also affects ionic environment, which may lead to changes in structure and functional behaviour of whey proteins. The viscosity of a protein in solution depends primarily on the size and shape of the molecule and its electric charge. It is also influenced by pH and ionic environment (Dewit and Swinkel 1980) . In whey, α-lactalbumin exists as calcium metalloprotein and calcium is released below pH 4.0, making the molecule flexible with large structural changes accompanied by apparent denaturation (Oakenfull et al. 1997) . Residual β-lactoglobulin in paneer whey, when adjusted to a low pH (as in whey lemon beverage), is likely to form octomers, resulting in increased viscosity (Pessen et al. 1985) . Viscosity of whey proteins decreases near pI (Cayot and Lorient 1997) but there is slight increase towards acidic side of their pI as in the case of whey lemon beverage.
HPLC Analysis of sweeteners and their degradation products: Table 3 depicts the per cent recovery and detection limits of different sweeteners and their degradation products. The detection limits were in the range of 10-40 ng. Lawrence and Charbonneau (1988) also reported similar observations for acesulfame-K and aspartame. However, no information is available in the literature regarding the detection limits of degradation products of sweeteners.
Stability of aspartame and acesulfame-K in whey lemon beverage during storage as analyzed using HPLC: Isolates of stored whey lemon beverage samples were analyzed over HPLC after 0, 5th, 10th and 15th day of storage under the standardized analytical conditions. Table 4 depicts the stability of aspartame added singly and in binary blend with acesulfame-K in whey lemon beverage during storage. It is evident that levels of aspartame and acesulfame-K remained unchanged even after 15 days of storage in whey lemon beverage, establishing their stability during storage. HPLC chromatograms obtained on 0, 5th, 10th and 15th day of storage for whey lemon beverage sample isolates sweetened with sweetener/sweetener blend also supported this observation as there was no peak other than aspartame and acesulfame-K in these chromatograms. This clearly established that aspartame and acesulfame-K were not degraded during storage in whey lemon beverage samples under investigation. Among all sweeteners, aspartame is the most heat labile sweetener and its degradation is minimal in the pH range of 4.0-5.0 (Bell and Labuza 1991) . As the pH of whey lemon beverage observed in the present study was (Arora et al. 2006 (Arora et al. , 2007 (Arora et al. and 2008 wherein we reported stability of aspartame in burfi and kalakand and acesulfame-K in burfi, kalakand and flavoured milk up to 7 days of storage. However, in case of flavoured milk, aspartame level remained unchanged upto 3rd day of storage but on 5th and 7th day of storage, there was a loss of 25% and 38% in aspartame recovery suggesting that aspartame degraded in flavoured milk after 3 days of storage due to the inherent pH (6.6) of milk. The degradation product of aspartame obtained was aspartylphenylalanine. However, no such peak of aspartylphenylalanine was observed in the HPLC chromatograms of whey lemon beverage, thereby establishing further that aspartame did not degrade in whey lemon beverage samples during storage. Beukema and Jelen (1990) reported a loss of 13.2% of aspartame and no loss of acesulfame-K during heat treatment of 90°C/30 min used for preparation of whey beverage. The workers however did not report the presence of any degradation product of aspartame in support of sweetener loss.
Conclusion
An isolation procedure involving solid phase extraction (SPE) using C 18 cartridges was standardized for the isolation of multiple sweeteners (aspartame and acesulfame-K) and their degradation products (diketopiperazine, L-phenylalanine, and acetoacetamide) in whey lemon beverage followed by HPLC analysis of whey lemon beverage sample isolates. HPLC analytical conditions were standardized over C 18 column using UV detector for the simultaneous separation of multiple sweeteners aspartame and acesulfame-K and their degradation products (diketopiperazine, L-phenylalanine and acetoacetamide) in a single run using binary gradient programming in whey lemon beverage sample isolates. Detection limits of sweeteners and their degradation products were in the range of 10-40 ng at 200 nm. The increase in acidity and viscosity and decrease in pH of artificially sweetened whey lemon beverage samples during storage were similar to control and thus were not influenced by the addition of sweeteners/ sweetener blend. Analysis of aspartame and acesulfame-K added either singly or in blend in whey lemon beverage, showed their stability throughout the storage period as analyzed over HPLC. Thus, the present investigation established the successful use of two artificial sweeteners aspartame and acesulfame-K in whey lemon beverage providing an alternate variety to the health conscious consumers.
